A field experiment was conducted at Agricultural Research Station, Vizianagaram, Andhra Pradesh during rainy seasons of 2015 and 2016 to find out the best chemical weed management practices in maize (Zea mays L.). Twelve treatments were tested in randomized block design with three replications. Treatments consisted of pre-emergence (PE) and post-emergence (PoE) herbicides applications along with weed free check and weedy check. Experimental results indicated that PoE of tank mix formulation of tembotrione 50 g/ha + atrazine 0.5 kg/ha at 15-20 days after seeding (DAS) has recorded highest weed control efficiency (93.6 and 96.9%, respectively during 2015 and 2016) followed by hand weeding twice at 20 and 40 DAS (90.1 and 95.6%, respectively). Grain yield was significantly higher (9.79 t/ha and 8.70 t/ha, respectively) with hand weeding twice at 20 and 40 DAS, and it was closely followed by PoE of tembotrione 50 g/ha + atrazine 0.5 kg/ha (9.65 t/ha and 8.61 t/ha respectively). Net monetary returns (1 04357 and ` 97985, respectively) and B:C ratio (2.94 and 3.14, respectively) were also significantly high with PoE application of tembotrione 50 g/ha + atrazine 0.5 kg/ha.
Maize (corn) along with wheat and rice is one of the world's most important food crops. Maize provides food to the human beings and feed to the cattle. During recent years, maize is being increasingly used as a feedstock and for the production of bio ethanol. Protecting maize from weeds, pests and diseases is very much essential to avoid heavy losses caused by them in maize yield and gain quality. Weed control is usually most important, as weed interference is a severe problem in corn, especially in the early part of the growing season due to its initial slow growth rate and wider row spacing. Yield losses due to weed infestation vary from 28-93% depending on the type of weed flora and their intensity, stage, nature and duration of crop weed competition (Sharma and Thakur 1998) . The critical period of crop weed competition in corn range from 1 to 8 weeks after sowing. In order to realize the maximum yield potential of maize, weed management becomes indispensable during this period. Chemical weed management by using pre-or post-emergence herbicides can lead to the efficient and cost effective control of weeds during critical period of crop weed competition, which may not be possible in manual or mechanical weeding due to its high cost of cultivation. Hence, there is an immense need to find out the best chemical for effective weed management in maize and hence this study was undertaken to identify the best chemical weed management practices in maize (Zea mays L.)
MATERIALS AND METHODS
A field experiment was conducted at Agricultural Research Station, Vizianagaram, Andhra Pradesh during rainy seasons of 2015 and 2016. The soil of the experimental site was sandy clay loam in texture with neutral soil reaction (pH-7.0), electric conductivity-0.13dS/m and low in organic carbon content (0.36%). Availability of nitrogen, phosphorus and potassium in the experimental site were low (198.4 kg/ha), high (70.5 kg/ha) and medium (230.2 kg/ha), respectively. Total rainfall received during crop season was 455.8 and 709.4 mm, respectively with mean maximum (31.6 0 C and 30.3 0 C, respectively) and mean minimum temperatures (28.0 Experiment was conducted in randomized block design with three replications. Treatments include atrazine 1.0 kg/ha as pre-emergence application (PE), pendimethalin 1.0 kg/ha as PE, alachlor 1.0 kg/ha as PE, atrazine 0.5 kg/ha + alachlor 0.5 kg/ha as PE, 2,4-D sodium salt 1.0 kg/ha at 15-25 days after seeding (DAS), 2,4-D amine salt 0.58 kg/ha at 15-20DAS, atrazine 1.0 kg/ha at 15-20 DAS, 2,4-D ethyl ester 0.9 kg/ha at 15-20 DAS, tembotrione 100 g/ha *Corresponding author: triveniungata@gmail.com at 15-20 DAS, tembotrione 50 g/ha + atrazine 0.5 kg/ ha at 15-20 DAS, hand weeding twice at 20 and 40 DAS unweeded check (control).
Maize hybrid " DHM-117" was sown on 21.07.2015 and 12.07.2016, during 2015 and 2016 , respectively at 60 x 20 cm spacing. Before sowing, field was thoroughly ploughed and levelled. The crop was fertilized evenly irrespective of treatments with 180-200:60:50 kg NPK/ha with N in three equal split doses at the time of sowing, 30 DAS and 50 DAS. Pre-emergence herbicides were applied within two days after sowing. Post-emergence herbicides were applied at 15-20 DAS. All the herbicides were used after making the spray volume of 500 L/ha. Phytotoxic effect on crop was recorded at 3 rd and 10 th day after application of herbicides. Weed density was recorded at 20 DAS and 40 DAS by using a quadrate of 100 x 100 cm (1 m 2 ) size from the centre of the plot. The entire weeds inside the quadrate were uprooted and cut close to the transition of root and shoot in each plot and collected for dry matter accumulation (biomass). The samples were first dried in sun and then kept in oven at 70 ± 2°C. The dried samples were weighed and expressed as biomass (g/m 2 ). Cost of cultivation, gross returns, net monetary returns and benefit cost ratio for each treatment were calculated by taking into consideration of total costs incurred and returns obtained. Square root transformation was done for weed density and weed biomass by using the formula 0.5 x  . Weed control efficiency (WCE), weed index (WI) and herbicide efficiency index (HEI) were calculated using formulae as suggested by Gill and Vijayakumar (1969) , Mani et al. (1973) , Krishnamurthy et al. (1995) .
RESULTS AND DISCUSSION

Weed flora
Among the weeds, grasses and sedges were dominant in the experimental site compared to the broad-leaved weeds ( Table 1) . Echinochloa colona
Scop. were the major grassy weeds and Cyperus rotundus (L.) was the dominant sedge weed.
were the major broad-leaved weed species during both the years of study. 
Phytotoxicity on crop and weed
No phytotoxic symptoms were observed on maize due to herbicidal treatments. Tembotrione 100 g/ha at 15-20 DAS and tembotrione 50 g/ha + atrazine 0.5 kg/ha at 15-20 DAS, caused complete chlorosis of all weeds including grasses, sedges and broadleaved weeds. After that weeds were withered and died. But, the sedges were again re-germinated from the underground corm within 15-20 days after application of herbicide. Meanwhile, maize grew rapidly and covered the entire space.
Effect on weeds
At 20 DAS, weed growth was found significantly low in PE herbicide treated plots and among them PE of atrazine 0.5 kg/ha + alachlor 0.5 kg/ha and atrazine 1.0 kg/ha recorded lowest weed density during both the years. Deshmukh et al. (2009) reported similar results of lowest weed population and weed biomass at 30 DAS with atrazine 1.0 kg/ha as PE. At 40 DAS, significantly lowest weed density was noticed in the treatment tembotrione 50 g/ha + atrazine 0.5 kg/ha at 15-20 DAS. It was 29.5% and 40.0% lower weed density over hand weeding twice at 20 and 40 DAS during 2015 and 2016, respectively ( Table 2) .
Weed biomass was significantly low with atrazine 1.0 kg/ha PE followed by atrazine 0.5 kg/ha + alachlor 0.5 kg/ha and pendimethalin 1.0 kg/ha compared to other treatments at 20 DAS. Chopra and Angiras (2008) also reported that atrazine1.5 kg/ha as PE was found promising in reducing weed biomass over other treatments. However at 40 DAS, weed biomass in tembotrione 50 g/ha + atrazine 0.5 kg/ha at 15-20 DAS treatment was significantly low (12.6 and 10.3 g/m 2 ) and it was closely followed by hand weeding twice at 20 and 40 DAS (19.6 and 14.7 g/ m 2 ) ( Table 2) . During both the years, weed biomass was significantly high in weedy check.
Among the PE herbicide treatments, higher weed control efficiency (WCE) at 20 DAS was observed with atrazine 1.0 kg/ha followed by atrazine 0.5 kg/ha + alachlor 0.5 kg/ha (Table 3) . Deshmukh et al. (2009) reported that PE application of atrazine 1.0 kg/ha has shown highest WCE at 30 DAS. Patel et al. (2006) was achieved maximum WCE with PE of atrazine + alachlor each applied at 0.5 kg/ha. At 40 DAS, WCE of tembotrione 50 g/ha + atrazine 0.5 kg/ ha as PoE was significantly higher (93.6 and 96.9% respectively) over other treatments and it was closely followed by hand weeding twice at 20 and 40 DAS (90.1 and 95.6% respectively). Similarly Martin et al. (2011) observed improved control of individual weed species by 5 to 45% with tank mix application of tembotrione with atrazine 31 + 370 g/ha at four to five-collar leaf stage of corn. Joseph et al. (2008) reported that tank mix application of tembotrione and atrazine 92+560 g/ha as post-emergence in maize resulted in excellent control of grassy weeds. Jonathon et al. (2013) noticed 95% of weed control with the tank mix application of HPPD inhibiting herbicide tembotrione along with atrazine.
Weed index was significantly high in weedy check (53.3% and 49.2% in 2015 and 2016, respectively) whereas, it was significantly low in tembotrione 50 g/ha + atrazine 0.5 kg/ha (1.3% and 1.0% respectively) ( Table 3) . Similarly herbicide efficiency index was also high for tembotrione 50 g/ ha + atrazine 0.5 kg/ha (138.7 and 94.8% during 2015 and 2016 respectively) ( Table 3) . 
Effect on crop
Weed control treatments significantly affected the growth and yield attributing characters of maize over the weedy check. Plant height, cob length, cob diameter and number of rows per cob were significantly high in hand weeding twice at 20 and 40 DAS fb tembotrione 50 g/ha + atrazine 0.5 kg/ha, tembotrione 100 g/ha at 15-20 DAS and also in four PE herbicide treatments (Table 4) . Martin et al. (2011) observed that yield attributes of sweet corn were higher when atrazine was applied along with tembotrione as PoE. Cob diameter was found significantly high in the treatment tembotrione 50 g/ha + atrazine 0.5 kg/ha fb hand weeding twice at 20 and 40 DAS during 2015. Highest 1000-grain weight was recorded in hand weeding twice at 20 and 40 DAS (278.2 and 251.0 g in 2015 and 2016, respectively) while, it was low in weedy check compared to other treatments ( Table 4) . Shelling per cent was significantly high in hand weeding twice at 20 and 40 DAS followed by tembotrione 50 g/ha + atrazine 0.5 kg/ha. Grain and stover yields were significantly affected by different weed control treatments. Grain yields were more during 2015 compared to 2016 (Table 5) . Heavy rainfall during crop season badly affected the yield during 2016. During both the years grain yields were significantly high with hand weeding twice at 20 and 40 DAS (9.79 and 8.70 t/ha, respectively) fb tembotrione 50 g/ha + atrazine 0.5 kg/ha (9.65 and 8.61 t/ha in 2015 and 2016, respectively). These results were in inconformity with the results obtained by Swetha (2015) . The next best treatment was tembotrione 100 g/ha at 15-20 DAS. The grain and straw yields in weedy check were significantly low in both years. Straw yield was significantly high with hand weeding twice at 20 and 40 DAS fb tembotrione 50 g/ha + atrazine 0.5 kg/ha during 2015 and 2016 respectively. Harvest index (HI) was maximum in the treatments hand weeding twice at 20 and 40 DAS, tembotrione 50 g/ha + atrazine 0.5 kg/ha and tembotrione 100 g/ha at 15-20 DAS, while it was minimum in weedy check (36.2 and 37.0% in 2015 and 2016, respectively). 
Economic
Preference of any herbicides by the farmers mainly depends on the weed control efficiency and economics. Generally, the cost of manual weeding is much higher than the chemical weed control, which encourages many farmers for switching over to herbicides from expensive and tiresome manual weeding. Considering the economics of different treatments, net monetary returns were found to be high in the treatment tembotrione 50 g/ha + atrazine 0.5 kg/ha fb hand weeding twice at 20 and 40 DAS during both years. Lowest net returns were recorded in weedy check mainly because of declined yields due to excess weed growth. Further, the Benefit: Cost ratio was also significantly high for tembotrione 50 g/ ha + atrazine 0.5 kg/ha during both the years (2.94 and 3.14 respectively) fb hand weeding twice at 20 and 40 DAS (2.76) during 2015 and PE of atrazine 1.0 kg/ha (3.01) and atrazine 0.5 kg/ha + alachlor 0.5 kg/ha (2.93) during 2016. Lowest benefit cost ratio was observed in weedy check during both years (0.79 and 1.29 respectively) ( Table 5 ).
It was concluded that post emergence application of tembotrione 50 g/ha + atrazine 0.5 kg/ ha at 15-20 DAS was proved effective in improving weed control, maize yield and economics. Hence, it can be recommended to the maize crop grown in the North Coastal Zone of Andhra Pradesh.
